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Moderate anaemia of a hypochromic, normocytic type is a common feature of rheumatoid arthritis and disturbance of iron metabolism is a prominent feature of this anaemia. Several previous reports in this series have described abnormalities in the metabolism of iron in this disease (Roy, Alexander, and Duthie, 1955; Richmond, Gardner, Roy, and Duthie, 1956; Richmond, Roy, Gardner, Alexander, and Duthie, 1958; Gardner and Roy, 1961; Owen and Lawson, 1966; Lawson, Owen, and Mowat, 1967) , and the present state of knowledge has been reviewed by Mowat and Hothersall (1968) . The plasma iron is low in the presence of active disease (Bruzzone and Massimello, 1940; Nilsson, 1948) , and the level is well correlated to the activity of the disease (Engstedt and Strandberg, 1966) .
When the activity of the rheumatoid arthritis is suppressed with corticotrophin or corticosteroids, some aspects of the abnormal metabolism of iron are corrected. An improvement in haemoglobin concentration and plasma iron values has been reported (Hench, Kendall, Slocumb, and Polley, 1949; Fladee, Newns, Smith, and West, 1959 ; M.R.C. Report, 1959; Strandberg, 1966) . The rapid clearance from the plasma of iron given by intravenous injection is restored to the pattern found in healthy controls (personal observations). Owen and Lawson (1966) reported a diminished release of endogenous iron from senescent red cells in patients with rheumatoid arthritis. The abnormality was corrected by the administration of corticosteroids. Richmond and others (1956) , using the Prussian blue method, found no stainable iron in the bone marrow of 31 per cent. of patients with rheumatoid arthritis. It is well recognized that only iron in the form of haemosiderin will be detected in this way. In the synthesis of haemoglobin, iron from both ferritin and haemosiderin is utilized (Shoden, Gabrio, and Finch, 1953) . It is thus necessary to estimate the total quantity of iron in the bone marrow in any study of iron utilization or storage by the bone marrow. Kerr (1957) has shown that the iron content of the bone marrow in patients with anaemia associated with rheumatoid arthritis is significantly less than that in non-anaemic controls, but not as low as that found in patients with iron deficiency anaemia.
The present study was undertaken to assess the effect of corticotrophin on plasma iron values, the urinary excretion of iron, the haemoglobin concentration, and the iron content of the bone marrow in patients with rheumatoid arthritis.
Material
Patients with Rheumatoid Arthritis (Table I, overleaf) This group consisted of thirteen patients (4 males and 9 females), whose average age was 52* 3 years. All had classical or definite rheumatoid arthritis according to the diagnostic criteria of the American Rheumatism Association (Ropes, Bennett, Cobb, Jacox, and Jessar, 1959) . The patients were admitted to the Rheumatic Diseases Unit, Northern General Hospital, Edinburgh, and during the study all received the same basic treatment of rest in bed, splintage, aspirin, and physiotherapy. The patients received 20 i.u. corticotrophin daily by intramuscular injection at 9.00 a.m. Most of the patients were given a 14-day course, but Cases 4, 6, and 8 received only 7 days of treatment. No iron was administered during the period of the study.
Control Subjects (Table II, overleaf) This group consisted of five healthy, non-anaemic (1960) . Plasma and urinary iron was measured by the method of Ramsay (1957) . The total iron content of samples of bone marrow was measured by the method of Kerr (1957) . All samples for iron estimations were collected in ironfree vessels.
Blood Indices
The haemoglobin concentration and the ESR were measured in the patients with rheumatoid arthritis before and after 7 and 14 days of treatment with corticotrophin. The initial mean corpuscular haemoglobin concentration (MCHC) was also estimated.
Plasma Iron
The basal 9.00 a.m. and 3 p.m. values of the plasma iron were measured in nine patients with rheumatoid arthritis and in all controls. In patients the plasma iron was measured 6, 24, 48, and 72 hours and 7 and 14 days after the start of treatment with corticotrophin. In controls the measurements were made after 6, 24, and 48 hours. All measurements were made at 9.00 a.m. unless otherwise stated.
Urinary Excretion of Iron
The 24-hour urinary excretion of iron was measured in nine patients with rheumatoid arthritis and all the controls. Collections were made before treatment and for 2 days in controls and for 3 days in patients after the start of corticotrophin administration. Bone Marrow Studies Samples of bone marrow were aspirated from the sternum in four patients with rheumatoid arthritis before and 7 and 14 days after the start of treatment. Estimations were made of the total iron content of each specimen. In addition, slides of bone marrow stained by the May-Grunwald-Giemsa method were examined to ensure that the anaemia was typical of rheumatoid arthritis. Several slides were stained with acidified potassium ferrocyanide and the amount of ferric-ferrocyanide (Prussian blue) assessed in four grades: 0, +, + + and + + + by two observers. The results are set out in Table I and Fig. 1 . There was a mean increase of 2 05 g./100 ml. in haemoglobin concentration over the 14-day period. In every case there was a substantial fall in the ESR indicating a reduction in the activity of the disease.
Plasma Iron
The results for patients are set out in Table I and for controls in Table II . The results are compared in Fig. 2 (overleaf) . The pre-treatment values of the plasmairon show the normal diurnal variationin both groups with the lower value at 3 p.m. This diurnal variation was more marked, and the corticotrophin produced no significant change, in the plasma iron values in controls. In patients there was a mean rise of 18*7 ,tg./100 ml. 6 hours after the first injection of corticotrophin. The plasma iron continued to rise with a mean increase of 68 8 ,g./ 100 ml. after 72 hours, and the elevation of plasma iron was maintained during the first and second weeks of treatment. The smallest rises were seen in Cases 5 and 7, in whom the initial MCHC suggested that there was some element of iron deficiency anaemia.
Urinary Excretion of Iron
The results of the estimation of the 24-hour urinary excretion of iron for patients are set out in (Jeffrey, 1953; Roy and others, 1955) , and the MCHC is only a little below normal (Richmond and others. 1958) . Roy and others (1955) and Weinstein (1959) demonstrated no abnormality in the absorption of iron from the gut in patients with rheumatoid arthritis, although Raymond, Bowie, and Dugan (1965) -agroup.bmj.com on July 7, 2017 -Published by http://ard.bmj.com/ Downloaded from suggested that there was mild impairment. Lawson and others (1967) showed that there was increased iron excretion in the urine in patients with rheumatoid arthritis compared with controls after the administration of the chelating agent Desferrioxamine B. It was considered that these results provided evidence of increased iron storage in these patients. Mowat and Hothersall (1968) and Senator and Muirden (1968) have shown considerably higher concentrations of iron in the synovial tissue of patients with rheumatoid arthritis compared with controls. Since there is proliferation of synovial tissue in patients with rheumatoid arthritis, it follows that relatively large quantities of iron must be deposited in this tissue. No evidence of large iron stores in other sites has been found in these patients (Gardner and Roy, 1961) . This retention of iron by synovial tissue would appear to take place during episodes of active inflammation, since plasma iron values return to normal when activity of the disease is suppressed by administration of corticotrophin.
The very rapid restoration of plasma iron to normal levels has only been reported once in patients with rheumatoid arthritis (Whittingham, Balazs, and Mackay, 1967) . These authors suggested that plasma iron might be a useful index of activity of the disease, since the return of plasma iron to normal values precedes the fall of the ESR. The diurnal variation in plasma iron levels in healthy controls resulting in up to 50 per cent. differences between morning and afternoon values reported by Hamilton, Gubler, Cartwright, and Wintrobe (1950) is confirmed, although the variation is much smaller in the patients with rheumatoid arthritis. The variation in plasma iron levels lags some 2 hours behind the diurnal variation in 17-hydroxycorticosteroid and is almost certainly an independent phenomenon (Migeon, Tyler, Mahoney, Florentin, Castle, Bliss, and Samuels, 1956 ). This is supported by the failure of corticotrophin or corticosteroid therapy to alter the basal values or diurnal variation of plasma iron in controls in this or other studies (Sayers, Burns, Tyler, Jager, Schwartz, Smith, Samuels, and Davenport, 1949) .
There was no significant difference in the 24-hour urinary excretion of iron in the two groups. Thus, despite low plasma iron levels there was no reduction in the urinary loss of iron in patients with rheumatoid arthritis such as occurs in patients with iron-deficiency anaemia (Dagg, Smith, and Goldberg, 1966 ). Corticotrophin did not alter significantly the urinary excretion of iron. Despite the large rise in plasma iron values in the patients with rheumatoid arthritis, there was no overflow of iron into the urine.
The only consistent abnormality in the cellular content of the bone marrow in patients with rheumatoid arthritis is a moderate hyperplasia of elements of the reticulo-endothelial system, especially plasma cells (Richmond and others, 1956 ). This is corrected by steroid therapy as shown in this and other studies (Berglund, Nordenson, and Olhagen, 1951) . The iron content of bone marrow in our patients before treatment with corticotrophin (64 3 ,tg./I00 mg. protein) is close to the mean value of 55*0 ,g./100 mg. protein for patients with rheumatoid arthritis, but below the mean value of 86-0 0tg./100 mg. protein for non-anaemic control subjects reported by Kerr (1957) . There was a progressive increase in the iron content of bone marrow during 14 days of treatment with corticotrophin. At the same time there was a reduction in the quantity of haemosiderin in the bone marrow as shown by the Prussian blue staining reaction. The only other report of the effect of steroid therapy on the iron content of bone marrow in patients with rheumatoid arthritis recorded a reduction in both haemosiderin and total iron content, but measurements were made only before and after 6 weeks of treatment (Strandberg, 1966) .
Iron stored as either ferritin or haemosiderin is used in the bone marrow for haemoglobin formation (Shoden and others, 1953) . After 14 days of treatment with corticotrophin the mean corpuscular haemoglobin concentration had risen by 2 05 g./ 100 ml. Presumably the iron released from the synovial membrane and the other smaller iron stores when the activity of the disease is suppressed is stored as ferritin.
Summary
(1) The changes in iron metabolism induced by administration of corticotrophin in thirteen patients with rheumatoid arthritis and five healthy controls have been studied. (2) No change in plasma iron values or 24-hour urinary excretion of iron was found in the controls given corticotrophin for 2 days. (3) There was very rapid correction of the low plasma iron values in the patients given corticotrophin and the elevation of plasma iron was maintained throughout the period of treatment. (4) There was a mean rise in haemoglobin concentration of 2-05 g./100 ml. after 14 days of treatment in the patients without the addition of any haematinic.
(5) There was a progressive increase in the total iron content of the bone marrow with treatment in four patients. At the same time there was a reduction in the haemosiderin content of the marrow as shown by the Prussian blue staining reaction. The cellular content of the bone marrow returned to normal.
(6) There was no difference in 24-hour urinary excretion of iron in patients compared with controls, and corticotrophin did not alter this excretion.
(7) The abnormalities in metabolism of iron in patients with rheumatoid arthritis are discussed in the light of these findings.
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